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TECHNICAL NOTES
Most reconstructions of the distal vertebral
artery (VA) are done at the C2-C1 level with an
anterolateral neck approach.1 Occasionally, the
offending lesion, a dissection or an aneurysm,
extends to the transverse foramen of C1 or beyond.
In other cases, extrinsic VA compression occurs
between the occipital and the lamina of the atlas.
Correction of either problem requires exposure of
the pars atlantica of the VA above the atlas. In the
past, we have exposed the pars atlantica to perform
posterior laminectomy of C1 with the anterolateral
approach. We now advocate a suboccipital approach,
which provides better exposure and control of the
distal segment of the extracranial VA above C1.
ANATOMIC REVIEW
As the VA emerges from the transverse process of
C1, it follows first a posteromedial course as it sur-
rounds the lateral mass of the atlas, eventually turn-
ing anterior. As it does so, it overhangs the posterior
lamina of the atlas by approximately 5 mm and then
crosses the lamina, resting on a bony groove (Fig 1).2
The VA then leaves the lamina, as it courses anterior-
ly, crosses the atlanto-occipital membrane, and pene-
trates the dura mater to enter the foramen magnum. 
In its atlantal trajectory, the VA has radiculomus-
cular branches that tether the artery to the short sub-
occipital muscles that cover it. The ventral ramus of
the C1 root runs below it, between it and the bony
groove in the posterior arch of the atlas. The posteri-
or meningeal and posterior spinal arteries arise from
the VA before the VA penetrates the dura. Rarely, the
posterior inferior cerebellar artery may arise from the
extradural segment of the VA. 
Throughout its atlantal course, the VA is covered
by a dense plexus of veins, which originate in the
jugular foramen, the hypoglossal canal, and the
condyloid emissary vein. The veins surrounding the
terminal segment of the extradural VA have multiple
connections with the epidural system of veins. The
plexus of veins surrounding the VA at this level is
denser than at any other level throughout its cervi-
cal course. The artery is covered first by the short
suboccipital muscles that run between the atlas and
the occipital. In a more superficial plane, the VA is
covered by the semispinalis capitis, the splenius capi-
tis muscle, and the insertion of the trapezius. 
OPERATIVE TECHNIQUE
The intubated patient is placed in the “park
bench” position. The temple contralateral to the
operative site rests on the forearm. The relevant
bony reference points for the incision are the exter-
nal occipital protuberance, the tip of the mastoid
process, and the angle of the jaw. Magnification
using · 3.5 loopes is used routinely. The incision (Fig
2 insert) is racket shaped: horizontal below the
occipital protuberance from the midline to the tip of
the mastoid. Over the mastoid, it bends to follow
the posterior edge of the sternomastoid. The thick
subcutaneous tissue is incised. The upper fibers of
the trapezius, the stout semispinalis, and the splenius
capitis muscles are cut (Fig 2A). The greater occipi-
tal nerve may be encountered and divided as it
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ascends approximately 1 inch from the midline over
the semispinalis capitis. Below the splenius, the
longissimus capitis is also divided. The sternomas-
toid muscle is disinserted and reflected inferiorly.
The jugular vein is visible, and the accessory spinal
nerve adjacent to the jugular vein is identified and
tagged with a silastic loop. The prominent transverse
process of C1 is identified by means of palpation and
taken as a reference point. Two suboccipital muscles,
the obliquus capitis and the rectus capitis posterior
major, come into view. The condyloid emissary vein
or one of its large contributors inside the medial
edge of the obliquus capitis superior muscle is divid-
ed between ligatures. The obliquus capitis is divided.
Only the lateral half of the rectus capitis posterior is
cut (Fig 2B).
The VA now looks like a blue cylinder, because
of the dense plexus of veins that covers it at this level
(Fig 2C). The anastomotic nerve branch between
the suboccipital and the greater occipital nerves is
divided. One or two of the arterial branches that
supply the suboccipital musculature are divided to
release the VA from the anchoring effect of these
branches. The venous plexus is approached by lifting
some obvious vein bridges and dividing them
between ties of 8-0 polypropylene sutures passed
around the veins with the back end of fine needles.
Dissection of the venous plexus away from the arte-
rial adventitia is done with fine Jamieson scissors
(which are sometimes closed while pushing the veins
away) and fine Potts forceps. Other veins are lifted
away from the artery and coagulated with bipolar
cautery (Fig 2D). The VA is dissected to the level of
the atlanto-occipital membrane. At this level, the
bulging of the dura mater can be seen. The ventral
ramus of the C1 root runs below the VA.
Once an appropriate length of VA has been
obtained, attention is directed toward the distal cer-
vical internal carotid artery, which will be used as
inflow. The infratemporal portion of the internal
carotid artery is medial to the sternomastoid muscle,
runs in a sulcus roughly midline between the jaw
and the mastoid laterally and the cervical spine
medially (Fig 2E), and is covered posteriorly by the
vagus and hypoglossal nerves. These two nerve
trunks are isolated and can be retracted laterally, or
the internal carotid can be exposed between them.
The superior cervical ganglion of the cervical sym-
pathetic chain is posterior and slightly medial to the
internal carotid and is left undisturbed. The distal
cervical internal carotid can be dissected and encir-
cled with a silastic loop. By using the loop to exert
traction, a 1- to 1.5-inch length of internal carotid is
dissected. With the exception of rare anomalies,
which would have been identified by means of the
preoperative arteriogram, the internal carotid artery
has no branches at this level. Once an appropriate
length is obtained, the bypass graft can be con-
structed between the internal carotid (Fig 2F) and
the distal vertebral artery passing over the arch of
the atlas. Closure requires reinsertion of the ster-
Fig 1. The pars atlantica of the vertebral artery. The
course of the C1 nerve is outlined.
Fig 2. Insert, Incision to expose the suboccipital seg-
ment of the vertebral artery. 
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Fig 2. A, The upper fibers of the trapezius and the splenius capitis have been divided. The
semispinalis is being cut. B, The obliquus capitis superior is divided. The vertebral artery lies
beneath it. At the lateral edge of the incision, the spinal accessory nerve is tagged with a loop.
C, The vertebral artery rests on the posterior lamina of C1, covered by a dense venous plexus.
A muscular branch to the obliquus capitis inferior is seen. D, Part of the venous plexus is coag-
ulated with bipolar cautery. The suboccipital vertebral, held by a loop, is dissected to the
atlanto-occipital membrane. E, The distal cervical internal carotid has been isolated by retract-
ing medially the vagus and hypoglossal nerves. A vein graft is anastomosed to the internal
carotid artery. F, A completed carotid-vertebral bypass graft, arching over the lamina of C1.
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nomastoid and approximation of the splenius capitis
and semispinalis.
POSTERIOR LAMINECTOMY OF C1
When the problem is extrinsic (dynamic) com-
pression of the artery, the compressive elements
involved are the sharp upper edge of the posterior
lamina of the atlas and the occipital protuberance. In
these cases, when there is no evidence of mural
thrombosis in the preoperative arteriogram, there is
no need for a bypass graft, and the correction of the
problem requires a posterior laminectomy of C1 to
remove the lower and sharper element of compres-
sion (Fig 3). In a laminectomy, the artery is first
exposed, as was described. Once the artery is encir-
cled with a silastic loop, it can be mobilized upward,
away from the lamina to be resected. For the
laminectomy, it is advisable to obtain help from a
neurosurgeon to familiarize yourself with the man-
agement of epidural bleeding and the appropriate
selection of drill bits. By using a Key periosteum ele-
vator, the posterior lamina of C1 on the operated
side is denuded of periosteum in its posterosuperior
surface. Eventually, as the anterior and lower surfaces
of the lamina are exposed, epidural vein bleeding is
encountered. Continuous irrigation and suction is
needed for visualization. Sometimes the epidural
venous bleeders are packed with cottonoids soaked in
thrombin. Elevation of the head of the patient dimin-
ishes venous pressure and, consequently, venous
bleeding. Once the posterior lamina has been denud-
ed of periosteum, a high-speed drill is used to go
through the lamina, while the artery (above) and the
dura are retracted and protected with soft brain
retractors. As the anterior aspect of the lamina is
approached, epidural vein bleeding may be a prob-
lem. Drilling proceeds, with continuous irrigation
and suction to clear the field. Once the drill has cut
through, the medial stump of the lamina is removed
with a pituitary rounger, and the sharp edges are
smoothed out with the high-speed drill. The entire
Fig 3. Postoperative computed tomography scan, show-
ing a laminectomy of C1 to correct extrinsic compression
of the vertebral artery at this level. 
Fig 4. A vertebral artery dissection (between arrows) that
extends to the level of the transverse process of C1. The
artery is occluded proximal to the lower arrow.
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bony floor on which the VA rested (the lower ele-
ment of compression) is removed during laminecto-
my, providing additional room for the artery.
CLINICAL EXPERIENCE
The three cases that represent our experience with
the suboccipital approach involved repeated bouts of
vertebrobasilar ischemia. In two patients, there was
evidence of previous intramural dissection of the VA
(Fig 4) and cerebellar or brain stem infarction. In
both cases, there was persistence of symptoms in spite
of adequate anticoagulation. The distal end of the dis-
section reached the level of C1, precluding a distal
exclusion bypass graft with the customary approach
(anterolateral) to the C2 through C1 segment of the
VA. The third patient (Fig 5A) had a dominant and
single VA, without a posterior communicating con-
nection, that was compressed on lateral rotation and
extension of the neck. Symptoms could be repro-
duced with neck rotation. A selective vertebral injec-
tion was done, with the neck rotated, while the
patient was experiencing symptoms (Fig 5B). The
compression occurred in the pars atlantica of the VA
between the posterior lamina and the occipital.
The two cases of dissection with embolization
through the distal VA were corrected with a bypass
graft from the internal carotid artery to the suboc-
cipital VA. The VA proximal to the distal anastomo-
sis of the bypass graft was occluded to avoid further
embolization. In the third case, there was no abnor-
mality visible in the VA with the head in the neutral
position, and no evidence of wall damage was noted
during exploration. In this case, only a laminectomy
of C1 was done. Elimination of the compression
problem was shown by means of the postoperative
arteriogram with the head in extension and rotation
(Fig 5C). Continued absence of vertebrobasilar
symptoms and patency of the reconstructions was
shown at the follow-up examination of the three
cases at 3, 5, and 5 years (Figs 6A,B).
DISCUSSION
Two technical points about the approach
described here deserve emphasis. During the inci-
sion, it is important to establish the stated points of
reference and to not cross the midline. In one case
in which the midline was crossed, we dissected the
posterior lamina of C1 in the contralateral side
before noticing the error.
With the suboccipital approach, we found it easy to
access the infrapetrosal carotid. The elements that usu-
ally block access to the upper cervical internal carotid
Fig 5. Selective arteriograms of a single dominant left vertebral artery. A, With the neck in
the neutral position, the anatomy of the distal vertebral and basilar arteries is normal. Note the
absence of posterior communicating arteries. B, The same artery, with the neck rotated, shows
severe compression at the level of the pars atlantica and faint filling of the posterior fossa. C,
The postoperative view after laminectomy, with the head rotated, is normal.
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artery in the traditional anterolateral incision (angle of
the jaw, mastoid) are not in the way of the surgeon. In
the suboccipital approach described here, they are all
lateral to the dissection path. The postoperative arteri-
ograms (Figs 6A,B) show the high level at which the
proximal anastomosis to the cervical internal carotid
artery was performed. This suboccipital approach
might be considered to repair high lesions of the inter-
nal carotid artery, without having to resort to the com-
plex maneuvers (subluxation, petrosectomy, etc.)
required by the anterolateral approach.
In summary, a suboccipital direct approach to
the pars atlantica of the VA may be used to either
reconstruct the artery at this level after a dissection
or decompress it by means of laminectomy in rare
cases of atlanto-occipital compression.
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Fig 6. A, B, Postoperative arteriograms in two patients after an internal carotid to suboccip-
ital vertebral bypass grafting procedure. Note in both cases the level of origin of the bypass
graft in the upper cervical carotid. 
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